ABSTRACT Diet and ranging pattems of gorillas (Gorilln gorilla graueri) and chimpanzees (Pan troglodytes schweinfurthii)were studied during the 1994 
to ape's specific foraging strategies. Gorillas exhibit frugivorous characteristics in various habitats of lowland tropical forests (SabaterPi,1977; Tutin & Fernandez, 1985; Nishihara, L995) , while they are regarded as folivores at higher altitudes and as intermediate at lower altitudes of montane forests (Casimir, L975;  Goodall, 1977; Fossey & Harcourt, 1977; Watts, 1984; Yamagiwa, et al., 1992a . Although chimpanzees tended to show frugivorous and omnivorous characteristics across habitats (Nishida & Uehara, 1983;  Ghiglieri, 1.984; Sugiyama & Koman, 1987) , fruit constitutes a small part in the composition of their diet in higher montatre forest (Yamagiwa et al., 1992a) . These differences may possibly be caused by the tendency that fruit diversity is low at higher altitudes.
Trees seasonally produce large amounts of fruits than the other plant forms, such as vines, herbs or epiphites, and form large food rosources for gorillas and chimpanzees. The particular fruit species constitute their most prefered food items, and the seasonal availability of fruits influence on ranging patterns of gorillas and chimpanzees (Casimir, 1975; Baldwin et al., 1982; Ghiglieri, 1984; Goodall, 1986; Williamsot et al., 1988; Yamagiwa & Mwanza, 1994) . The 'keystone food' (sensu Irighton & kighton, 1983) , such as terrestrial herbaceous vegetation, is also important for ape's surviving during the period of fruit scarcity (Wrangham, 1986; Rogers & Williamson, 198'7;  Malenkey & Stiles, 1991; Tutin et al., l99t) . montane forest (1,800-3,308 m above sea level) of Kahuzi-Biega National Park, Zaue. The estimated density of chimpanzees (0.13 individual/km2) was far lower than that of sympatric gorillas (0.43-0.47 individual/km2) and the lowest among chimpanzee's populations inhabiting forested habitats (Yamagiwa et al., 1992b (Yamagiwa et al., , 1993a . The montane forest of Kahuzi may form the upper limit of chimpenzssrs distribution and may not provide them suitable habitat. Differences in the availability of foods and in foraging strategies between gorillas and chimpanzees may produce the lower density of chimpanzees in the montane forest.
Since then, we have conducted a ecological survey on the same population to elucidate the differences in diet and ranging patterns between gorillas and chimpanzees. In order to compare the carrying capacity of montane forest with those of other types of habitats, it is necessary to collect data on abundance and availability of each ape's food. Therefore, we conducted a vegetation survey with using the line-transect methods (Yamagiwa et al., 1993b) to estimate the structure of forest and the densities of each tree species in their habitats. These methods were also used for the same purpose in various habitats of apes (Tutimet a1.,1.994; Yumoto et aL,l994; Idaniet a1.,1994; Moore, 1994) .
The aim of this paper is to provide baseline information on densities of tree and shrub species in the montane forest of Kahuzi-Biega National Park. Densities of ape's foods are compared between different types of vegetation. The proportion of fruiting trees in the transect for each food species are listed, and differences in fruit consumption between gorillas and chimpanzees are described by fecal analysis qualitatively and quantitatively. Renging patterns of gorillas and chimpanzoes are discussed in relation to ape's diet and availability oftheir food.
METHODS
The Kahuzi-Biega National Park is located in the west of Lake Kiw and covers an area of 6,0fi) km2 at an altitude of 600 to 3,308 m (Fig 1) . The Park consists of the highland region (600 kn1 and the lowland region, which are interconnected by a corridor of forest. Forty-four species of larger mammals (including ten primate species) are found in the highland region and fifty-six species (fourteen primate species) in the lowland region (Mankoto et al., L994) .
Both gorillas and chimpanzees are continuously distributed in the Park. The population censuses of 1987 and 1990 estimated the apes'densities to be 0.27-0.32 gorillas/km2 and O.27-0.33 chimpanzees/km2 in the lowland region; and 0.43-0.47 gorillasftm2 and 0.13 chimpanzees/km2 in the highland region (Yama giwa et al., 1989 (Yama giwa et al., , 1992b (Yama giwa et al., , 1993a (Casimir, 1975; Goodall, 1977 The 1990 census revealed 25 gorilla groups and 9 solitary male gorillas, and 3 unit-groups of chimpanzees in the higbland region at an altitude of 1,8fi) to 3,308 m (Yamagiwa et aI., 1992b (Yamagiwa et aI., ,1993 In 1991, we found four groups of gorillas and a single unit-group of chimpa'zses in the study area. These grcups had extensively overlapping rangrng areas interval. Plant specimens were identified at the National Botanical Garden in Belgium.
In the present paper, we used data on the composition of ape's diet during the 1994 major dry season (from 16 June to 15 September) and data on their ranging and fecal samples for L month (from 16 August to L5 September 1994)just before and after the transect consus.
RESULTS

Density of food diet of apes
The belt transect passed for 3,L70 m in secondary forest, 1,212 m in primary forest, and 618 m in a Cyperus swamp. We found the total 2033 trees (1571 in secondary forest, 451 in primary forest and 1.1.
in Cyperus swamp) above 10 cm in DBH consisting of 48 species from 28 families and 2 unidentified species within the transect (Table 1) . Euphorbiaceae and Rubiaceae were represented by the largest number of species (7 species for each) and were found at relatively high densities. Six families were represented by 2 or 3 species, and the other 20 families were represented by a single species.
In secondary forest, the top ten species constituted SlVo of the total number of 40 tree species.
Macaranga kilimandscharica represented the most frequent (33%) species. In primary forest, the top ten species constituted 67Vo of. the total number of 40 tree species. Neoboutonia microcalyx represented the most frequent (147o) species. Tlventy seven species were found in both secondary and primary forests. Among these common species, 5 species were found at higher densities in secondary forest, 6 species in primary forest, and L6 species evenly in both types offorest. The total tree density in secondary forcst (247.81ha) was higher than those of primary forest (186.1/ha) and Cyperus swamp (8.9/ha).
During the 1994 dry season, gorillas and chimpanzees were found to use 32 and 38 tree/shrub species for food, respectively. Gorillas tended to eat less kinds of fruit but to eat more parts of single tree spec.ies than did chimpenzsss (Table 2) . Among these, 20 food tree species for gorillas and 26 species for chimpanzees were found in ttre transect. The top 20 species included 10 food species for gorillas and 11 food species for chimpanzees in secondary forest, and 8 for gorillas and 13 for Food density and ranging of apes respectively. The median of the number of samples collected per day was 1,7 (range: 1-24)for gorillas and LL (range I-27) for chimpanzees. Both gorillas and chimpanzees did not consume frequently the fruit species found at higher densities in the transect or in fully fruiting during this period. Except fot Bridelia bridelifulia nd Syrygium parvifolium, the fruit species consumed by gorillas were not listed within the top 20 ranks.
Seeds or fruit skins of Macaranga kilimandscharica, which appeared at the highest density in secondary forest, were not found in fecal samples of both gorillas and chimpanzees during this period.
The fruit species consumed frequently (more than tOVo of fecal samples and more than 10 days) by chimpanzses were not listed within the top L0 ranks. These observations suggest that both apes tended to eat such prefered fruit species which were available at low densities during the census period.
Bridelia bridelifulia was found at higher density and Maesa lanceolata was only found in secondary forest, while Myrianthus holstii was found at higher density and Newtonin buchananii was only found in primary forest during the census. The results of fecal analysis (Table 3) suggest that day range of gorillas and chimpanzees should include both secondary and primary forest to search their prefered fruits.
From fecal analysis and feeding remeins on their fresh trails, it was estimated that 29 vine,2O herb and 22 other (epiphite, fern and grass) species were used for food by gorillas, and 18 vine, 15 herb and L7 other species by chimpanzees (Table 2) . Gorillas tended to eat more leaf and bark species from these plants than chimpan"ees. The mean volume percentage of fiber and foliage in fecal samples was also higher for gorillas (67.OVo, N=377, runge: S-lNVo) than for chimpanzees (8.2Vo, N=221, range:
O-7OVo). Most of vines, herbs, epiphites, ferns and grasses, which were used for foods by both apes, were usually found in secondary forcst. Cyperus latifolius was occasionally eaten by gorillas in large amounts, while it was rarely eaten by chimpanzees. These results suggest that gorillas needed to range more frequently in secondary forest and swamp than chimpanzees during this season.
Ranging pattems of gorillas and chimpanzees
The study group of gorillas consisted of 23 individuals including L fully adult male, I young male, 8 adult female, 10 independent immatures and 3 dependent infants. They usually formed a cohesive group during feeding, resting and traveling period. On the other hand, chimpanzees of the study group usually formed small parties and occasionally moved alone. The group contained c. 2O not use the same area continuously. Chimpanzees consistently used the small area 1e1 6nveling and building their beds. Gorillas tended to travel and build night beds in secondary forest rather than in primary forest (location of bed sites: 1.3 vs 4 times, respectively). Chimpanzees used both secondary and primary forests for night bed sites (10 vs 7), but tended to use the particular primary forest.
However, the daily route of gorillas shows that they tended to visit small primary forest patches daily. Among 18 days in which we recorded their complete day range, they visited primary forest at least once in L7 days. It is likely that their daily travel was made to un@ver the areas recently used and to visit both secondary and primary forests.
DISCUSSION
The present study shows that the diversity of tree species in montane forest is lower than that of lowland forest. Tirtin et al. (1994) Fruit production of trees constitute the major food resources for frugivorous primates, and its abundance and seasonal availability may have great influences on density of these prirnates (CluttonBrock, 1977; Oates, 1987) . The low density (0.13/km2) of chimpanzees in montane forest of Kahuzi may be a result of low production and diversity in tree fruits at higher altitudes. White (L994\ estimated the highest density (1.1 individual/km) of climpanzees in Closed Canopy Forest, in which the highest diversity of tree species was found in Inp6 Reserve. We estimated higher density (0.27-0.33 individuaVkrn2) of chimpanzees in the Itebero region, in which abundance and diversity of trees were higher than those of Kahuzi region (Yamagiwa et a1.,1992b; . Tbtin and Fernandez (1984) reported that chimpanzsss occurred at highest densities in primary forest in Gabon. Our transect oensus found 40 tree species in both secondary and primary forests. However, the transect line passed 2.6 times longer in secondary forest than in primary forest. This possibly means that diversity of tree species is higher in primary forest. Although the total density of trees was slightly higber in secondary forest, the density of chimpanzee's food trees with bearing fruits was higher in primary forest, when excluding Macaranga kilimandscharica, which was found at the highest density in secondary forest and was rarely eaten by chimpanzees. It seems likely that primary forest may keep higher density of fruiting hees than secondary forest by its high diversity of tree species. Thus, the size and distribution of primary forest may be one of the most important factors influencing the density of chimpanzee5. for the low density of chimpanzee population at the high altitudes of KahuziBiega National Park, and the differences in foraging strategies between gorillas and chimpanzees may reduce ecological (exploitation) competition between them. However, data presented here are far from complete. In order to discuss on the carrying capacity of montane forest and sympatry of apes, seasonal and annual variations in fruit production and ecology of apes should be studied in detail in the future.
